Growth inhibition of macrophage-like and other cell types by liposome-encapsulated, calcium-bound, and free bisphosphonates in vitro.
Bisphosphonates effectively inhibit osteoclastic bone resorption in diseases characterized by excessive bone loss. Liposome-encapsulated clodronate (dichloromethylene bisphosphonate) also is known to inactivate phagocytic cells in vivo, and inhibit the growth of macrophage-like RAW 264 cells in vitro. The macrophage suppressive effect of liposomal clodronate is of interest in autoimmune diseases, like rheumatoid arthritis, in which phagocytic cells are involved in inflammatory processes. Earlier in vivo studies suggested that liposomal clodronate is a far more potent inactivator of macrophages than liposomal forms of two other bisphosphonate compounds, pamidronate (3-amino-1-hydroxypropylidene bisphosphonate), and etidronate (1-hydroxyethylidene-1,1-bisphosphonate). We examined the growth inhibitory properties of these three bisphosphonates with macrophage-like RAW 264 cells and with other types of cells in vitro. All three bisphosphonates encapsulated in liposomes effectively inhibited the growth of RAW 264 and CV1-P cells, while free drugs were 20-1000 times less potent growth inhibitors. Also, high extracellular calcium concentrations enhanced the potency of bisphosphonates for RAW 264 cells, indicating that, in addition to liposomes, the uptake of bisphosphonates by macrophages is mediated also by calcium. In all formulations, pamidronate was the most potent compound for the cells, with the exception of CV1-P cells, for which liposomal clodronate was the most potent. The effects of liposomal drugs were selective for highly endocytotic cells. The results suggest that liposome-encapsulated bisphosphonates could provide a specific tool to affect the function of macrophages and all three of these bisphosphonates are potentially effective as macrophage suppressors in autoimmune diseases.